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(54) PLANETARY GEAR DEVICE 

(57) A planetary gear 5 is contacted at its at least 
one tooth of all its teeth 51 n with ah end edge 23d facing 
an inner releasing part 23c of an inner peripheral surface 
of a receiving hole 23a irrespective of a rotational posi- 
tion of the planetary gear 5. By doing so, the planetary 



gear 5 is prevented from moving in the radial direction. 
As a result, the planetary gear 5 can be prevented from 
vibrating in the radial direction. Thus, vibrations of a 
planetary gear apparatus can be reduced, and the plan- 
etary gear and a carrier can be reduced in damage. 
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Description 

Technical Field 

[0001] This invention relates to a planetary gear ap- 5 
paratus suited to be used as a differential gear mecha- 
nism of a vehicle and the. like. 

Background Art 

10 

. [0002] In general, a planetary gear apparatus of this 
type includes an inner gear, a sun gear which is dis- 
posed with an axis thereof aligned with that of the inner 
gear, a planetary gear disposed between and in parallel 
with the innergearand the sun gear, and a carrier having is 
a receiving hole for.rotatably receiving the planetary 
gear. The carrier is provided with two releasing parts for 
releasing the receiving hole to the outside. One and the 
other part of an outer peripheral part of the planetary 
gear are exposed to the outside from the respective re- 20 
leasing parts. The planetary gear is engaged with the 
innergearand sun gear at its respective parts which are 
exposed to the outside from the respective released 
parts (see Japanese Patent Application Laid-Open No. 
H04-312247 and Japanese Patent Application Laid- 25 
Open No. H09-112657). 

[0003] However, the above-mentioned conventional 
planetary gear apparatus has such problems that the 
planetary gear is heavily vibrated during its rotation op- 
eration, and the planetary gear and carrier are seriously 30 
damaged. After studying very hard about those prob- 
lems, it became clearfor the present inventor(s) that the 
number of teeth of the planetary gear, which teeth con- 
tact an end edge facing an releasing part of an inner 
peripheral surface of the receiving hole simultaneously, 35 
is less than one. The detail of the cause will be described 
later. . 

Disclosure of the Invention 

40 

[0004] In order to solve the above problems, the fea- 
tures of the present invention reside in a planetary gear 
comprising an inner gear, a sun gear disposed at an in- 
ner side of the inner gear with an axis thereof aligned 
with that of the inner gear, a. planetary gear disposed 45 
between and in parallel relation with the innergearand 
the sun gear and adapted to transmit rotation between 
the inner gear and the sun gear, and a carrier relatively 
rotata bly disposed with an axis thereof aligned with that 
of the inner gear and having a receiving hole for receiv- 50 
ing the planetary gear such that the planetary gear can 
rotation on its own axis, the carrier being provided with 
two releasing parts extending along the axis of the re- 
ceiving hole and adapted to intercommunicate an inte- 
rior part and an exterior part of the receiving hole, one 55 
of the two releasing parts being formed at an outer side 
and the other at an inner side in the radial direction of 
the carrier, an outer peripheral part of the planetary gear 



being exposed to the outside of the receiving hole 
through the two releasing parts, wherein a helical gear 
is used as the planetary gear, and at least one tooth of 
the planetary gear is capable of contacting an end edge 
facing the releasing parts at the inner peripheral surface 
of the receiving hole irrespective of a rotational position 
of the planetary gear. 

[0005] In this case, it is preferred that the at least two 
teeth of the planetary gear are capable of contacting an 
end edge facing the releasing parts at the inner periph- 
eral surface of the receiving hole irrespective of a rota- 
tional position of the planetary gear. . 
[0006] It is also preferred that at least one tooth of the 
planetary gear is capable of simultaneously contacting 
two end edges of an inner peripheral surface of the re- 
ceiving hole facing two sides of the releasing, parts irre- 
spective of a rotational position of the planetary gear. 

Brief Description of Drawings 

[0007] 

FIG. 1 is a view showing one embodiment of the 
present invention and is a sectional view taken on 
line Z-Z of FIG. 2. 

FIG. 2 is a sectional view taken on line X-X of FIG. 1 . 
' FIG. 3 is a view of one half body of a housing when 
viewed in a direction of an arrow Y of FIG. 1. 
FIG. 4 are views showing relation between an end 
edge, which faces an inner releasing part, of an in- 
ner peripheral surface of a receiving hole of a carrier 
and teeth of a planetary gear received in the receiv- 
ing hole, FIG. 4(A) is a view, when the carrier is 
viewed in the Y-direction of FIG. 1, of a state where 
an optional tooth of the planetary gear begins to 
contact an upper end part of the end edge, and FIG. 
4(B) is an end face view taken on line B-B of FIG. 
4(A). 

FIG. 5 are views showing states where the plane- 
tary gear has rotated by a half pitch portion at its 
outer peripheral surface from the states shown in 
FIG. 4, and FIGS. 5(A) and 5(B) are views like FIGS. • 
4(A) and 4(B), respectively. 

FIG. 6 are views showing states where the plane- 
tary gear has rotated by one pitch portion at its outer 
peripheral surface from the states shown in FIG. 4, 
and FIGS. 6(A) and 6(B) are views like FIGS. 4(A) 
and 4(B), respectively. 

FIG. 7 are view showing a relation between teeth of 
a planetary gear and an end edge facing an inner 
releasing part of a receiving hole according to an- 
other embodiment of the present invention, and 
FIGS. 7(A) and (B) are views like FIGS. 4 (A) and 
4(B), respectively. 

FIG. 8 are views showing states where the plane- 
tary gear has rotated by a half pitch portion at its 
outer peripheral surface from the states shown in 
FIG. 7, and FIGS. 8(A) and 8(B) are views like FIGS. 
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4(A) and 4(B), respectively. 

FIG. 9 are views showing states where the plane- 
tary gea.r has rotated by one pitch portion at its outer 
peripheral surface from the states shown in FIG. 7, 
and FIGS. 9(A) and 9(B) are views like FIGS. 4(A) 
and 4(B), respectively. 

FIG. 10 are views showing a relation between teeth 
of a planetary gear and an end edge facing an inner 
releasing part of a receiving hole according to a fur- 
ther embodiment of the present invention, and 
FIGS. 10(A) and 10(B) are views like FIGS. 4 (A) 
and 4(B), respectively. 

FIG. 11 are views showing states where the plane- 
tary gear has rotated by a half pitch portion at its 
outer peripheral surface from the states shown in 
FIG. 10, and FIGS. 11(A) and 11(B) are views like 
FIGS. 4(A) and 4(B), respectively. 
FIG. 12 are views showing states where the plane- 
tary gear has rotated by one pitch portion at its outer 
peripheral surface from the states shown in FIG 10, 
and FIGS. 12(A) and 12(B) are views like FIGS. 4 
(A) and 4(B), respectively. 

Best Mode for Carrying Out the Invention 

[0008] Embodiments of the present invention will be 
described hereinafter with.reference to FIGS. 1 through 
12. 

[0009] FIGS. 1 through .6 show one embodiment of 
the present invention. As shown in FIGS. 1 and 2, a plan- 
etary gear apparatus 1 of this embodiment includes a 
housing (carrier) 2, an inner gear 3, a sun gear 4 and 
planetary gears 5. 

[0010] The housing 2 includes two half bodies 2A and 
2B. The half body (left side half body in FIG. 1) 2A in- 
cludes a driving cylindrical part 21 and a flange part 22 
which is formed on an end part on the half body 2B side 
of the driving cylindrical part 21. A spline hole 21a is 
formed in an end part on the opposite side to the half 
body 2B of the driving cylindrical part 21 . A driving shaft 
(not shown) is non-rotatably connected to this spline 
hole 21a, and the entire housing 2 is driven to rotate 
about an axis L. A circular cylindrical retaining part 23 
(see FIG. 3), which is coaxial with the axis L, is formed 
at an end face on the half body 2B side of the flange part 
22. The other half body 2B comprises a circular cylindri- 
cal receiving cylindrical part 24 which is larger in diam- 
eter than the retaining part 23 and slightly longer than 
the retaining part 23, a bottom part 25 which is formed 
at an end part on. the opposite side to the half body 2A 
of the receiving cylindrical part 24, and a flange part 26 
which is formed at an end part on the half body 2A side 
of the receiving cylindrical part 24. By fixing the flange 
part 26 to the other flange part 22 through bolts B, the 
half bodies 2A, 2B are integrally fixed with their axes 
aligned with the axis L 

[0011] The inner gear 3 has an approximately same 
outside diameter as an inside diameter of the receiving 



cylindrical part 24 and is rotatabty fitted to the receiving 
cylindrical part 24 with its axis aligned with the axis L. 
The length of the inner gear 3 is approximately same as 
the distance between the confronting surfaces of the 
5 flange part 22 and the bottom part 25. Accordingly, the 
inner gear 3 is hardly movable in its axial direction. The 
inside diameter of the inner gear 3 is approximately 
same or slightly larger than the outside diameter of the 
retaining part 23. A first inner gear part 31 is formed on 
10 the half body 2A side of the inner peripheral surface of 
the inner gear 3, a second inner gear part 32 is formed 
on the opposite side, and an annular recess 33 is formed 
between the first inner gear 31 and the second inner 
gear 32. The first inner gear part 31 includes a number 
15 of helical teeth. The first inner gear part 31 is dimen- 
sioned to have an approximately same length as the re- 
taining part 23 and located at the same position as the 
retaining part 23 in the direction of the axis L. Accord- 
ingly, the entire first inner gear part 31 is confronted with 
the outer peripheral surface of the retaining part 23. The 
second inner gear 32, in this embodiment, is formed to 
have the same gear specifications and the same phase 
as the first inner gear part 31 . Accordingly, it is accepted 
that the second inner gear part 32 is formed continuous 
with the first inner gear 31 without forming the recess 
33. It is also accepted that the second inner gear part 
32 is formed in such a way as to have different gear 
specifications from those of the first inner gear part 31 . 
For example, the second inner gear part 32 may have 
straight teeth instead of helical teeth. 
[0012] The sun gear 4 has a circular cylindrical con- 
figuration as a whole and is rotatably disposed within 
the housing 2 with its axis aligned with the axis L. The 
sun gear 4 comprises a circular cylindrical connecting 
part 41 received in the driving cylindrical part 21 , arid an 
outer gear part 42 received in the inner gear 3. The con- 
necting part 41 is rotatably supported on an inner pe- 
ripheral surface of the driving cylindrical part 21 through 
a bearing J. A spline hole 41a is formed in an end part 
on the outer side (left side in FIG. 1) of the connecting 
part 41 . An output shaft (not shown) for transmitting the 
rotation of the sun gear 4 to a driven body such as, for 
example, one of the driving wheels of a vehicle is con- 
nected to the spline hole 41a. The outside diameter of 
the outer gear part 42 is approximately same or slightly 
smaller than the inside diameter of the retaining part 23. 
The outer gear part 42 is approximately same in length 
as the retaining part 23 and located at the same position 
as the retaining part 23 in the direction of the axis L. A 
50 number of helical teeth are formed on the outer periph- 
eral surface of the outer gear part 42 over the entire 
length thereof. 

[0013] As shown in FIG. 3, a plurality of receiving 
holes 23a are formed in the retaining part 23 of the half 
55 body 2A. Each receiving hole 23a extends from a distal 
end face (right end face in FIG. 1) to a basal end side 
of the retaining part 23 in parallel with the axis L and has 
an approximately same length as the retaining part 23. 
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The receiving holes 23a are equidistantiy arranged in 
the circumferential direction of the retaining part 23. 
Each receiving hole 23a is disposed such that its axis is 
located approximately at the center between the inner 
peripheral surface and outer peripheral surface of the 
retaining part 23. Moreover, the inside diameter of each 
receiving hole 23a is larger than the thickness (differ- 
ence between the radius of the inner peripheral surface 
of the retaining part 23 and the radius of the outer pe- 
ripheral surface) of the retaining part 23. Accordingly, 
one side part on the outside of the receiving hole 23a 
and the other side part on the inside (one side part on 
the outside in the radial direction of the retaining part 23 
and the other side part on the inside) are released from 
the outer peripheral surface and inner peripheral sur- 
face of the retaining part 23 towards the outside and in- 
side of the housing 2, respectively. The releasing part 
on the outside is hereinafter referred to as the outer re- 
leasing part 23b and the releasing part on the inside is 
hereinafter referred to as the inner releasing part 23c. 
[0014] As shown in FIGS. 1 and 2, the planetary gear 
5 is rotatably received in each receiving hole 23a of the 
half body 2A. Accordingly, the planetary gear 5 can not 
only revolve about the axis L together with the housing 
2 butalso rotate about its own axis (axis of the receiving 
hole 23a). The outside diameter of the planetary gear 5 
is approximately same as the inside diameter of the re- 
ceiving hole 23a. Accordingly, as shown in FIGS.2 and 
4, the outer peripheral part of the planetary gear 5 is 
exposed to the outside from the receiving hole 23a 
through the inner and outer releasing parts 23b, 23c 
(see FIGS. 4 through 6). The planetary gear 5 is en- 
gaged at the outer releasing part 23b with the first inner 
gearpart31 of the innergear 3 and engaged atthe outer 
releasing part 23c with the outer gear part 42 of the sun 
gear 4. The planetary gear 5 is prevented from escaping 
from the receiving hole 23a by an escape-preventive 
plate 6 which is pressed and fixed to the distal end face 
of the retaining part 23 by a bolt B. Moreover, since the 
entire length of the planetary gear 5 is approximately 
same as the entire length of the receiving hole 23a, the 
planetary gear5 is hardly movable in the direction of the 
axis L The escape-preventive plate 6 has a generally 
same ring-like configuration as the sectional configura- 
tion of the retaining part 23 and is coaxial with the re- 
taining part 23. 

[0015] Between the confronting surfaces of the es- 
cape-preventive plate 6 and the bottom part 25 of the 
half body 2B, an output member 7 is disposed such that 
the axis of the output member 7 is aligned with the axis 
L and the output member 7 is hardly movable in the di- 
rection of the axis L. A gear part 71 is formed on the 
outer periphery of the output member 7. This gear part 
71 is engaged with the second gear part 32 of the inner 
gear 3 in the same manner as the spline engagement. 
Accordingly, the output member 7 is rotated in unison 
with the inner gear 3. A spline hole 72 is formed in the 
inner peripheral surface of the output member 7. An out- 



put shaft (not shown) for transmitting the rotation of the 
inner gear 3 to a driven body such as, for example, the 
other driving wheel of a vehicle is connected to the 
spline hole 72. 

5 [001 6] FIGS. 4 through 6 are views for showing a re- 
lation between each tooth of the planetary gear 5 and 
end edges 23d, 23e facing the inner releasing part 23c 
of the inner peripheral surface of the receiving hole 23a. 
In those Figures, an optional tooth of the planetary gear 
10 5 is allotted with reference numeral 51 n , and those teeth 
following this tooth 51 n backwards in the arrow direction 
of FIG. 5(A) are allotted with reference numerals 51 n+1 , 

51 n+2 respectively. When the contacting length 

(which is approximately equal to the length of the plan- 
ts etary gear 5 in this embodiment) in the direction of the 
axis L (vertical direction in FIG. 5) between the outersur- 
face of the planetary gear 5 and the inner peripheral sur- 
face of the receiving hole 23a is represented by L 1( the 
pitch (circular arc length on the outer peripheral surface, 

20 the same is applicable hereinafter) between the two 
teeth 51 n , 51 n+1 on the outer peripheral surface of the 
planetary gear 5 is represented by P, the helical angle 
of the teeth on the outer peripheral surface of the plan- 
etary gear 5 is represented" by a and the width (circular 

25 arc length on the outer peripheral surface, the same is' 
applicable hereinafter) of a tip land of each tooth 51 n in 
the circumferential direction of the planetary gear 5 is 
represented by W, the respective dimensions are estab- 
lished in such a way as to satisfy the following expres- 

30 sion. 

P ^ L 1 • Tan a + W 

35 [0017] In case P = L 1 • Tan a + W is established, pre- 
suming that, as shown in FIGS. 4(A) and 4(B), the plan- . 
etary gear 5 is rotated in the arrow direction and its tooth 
51 n begins to contact one end (upper end in FIG. 4(A)) 
in the longitudinal direction of the end edge 23d, the con- 

40 tacting part of the tooth 51 n with respect to the end edge 
23d is moved to the other end side (lower end side) of 
the end edge 23d as the planetary gear 5 is rotated in 
the arrow direction (see FIGS. 5(A) and 5(B)). When the 
planetary gear 5 is rotated by a pitch P, as shown in 

45 FIGS. 6(A) and 6(B), the tooth 51 n is brought away in 
the rotating direction (circumferential direction of the re- 
ceiving hole 23a) from the end edge 23d. Simultaneous 
with this, the tooth 51 n+1 following the tooth 51 n back- 
wards in the rotating direction begins to contact an upper 

so edge of the end edge 23d. Thus, the planetary gear 5, 
when subjected to force directing to the inside of the 
housing 2 from the outside, is necessarily contacted at 
its at least one tooth 51 n of all its teeth with the end edge 
23d irrespective of its rotational position and it never oc- 

55 curs that all its teeth are away from the end edge part 
23d in the circumferential direction. 
[0018] In case P < L 1 • Tan a + W is established, pre- 
sume (L1 • Tan a + W) - P = co is satisfied. When the 
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planetary gear 5 is rotated by a pitch P from the time the 
tooth 51 n begins to contact the end edge 23d f the tooth 
51 n+1 begins to contact the end edge 23d, and during 
the time the planetary gear 5 is rotated by the circular 
arc length co, the two teeth 51 n , 51 n+1 are simultaneously 
contacted with the end edge 23d. 
[0019] It should be noted that the above relation is 
likewise applicable to a relation between each tooth 51 n 
of the planetary gear 5 and the end edge 23e and a re- 
lation between each tooth 51 n and the end edges 23f, 
23g facing the outer releasing part 23b of the inner pe- 
ripheral surface of the receiving hole 23a. 
[0020] In the planetary gear apparatus 1 thus con- 
structed, presume P > L 1 • Tan a + W is satisfied. In this 
case, the tooth 51 n+1 following the tooth 51 n cannot con- 
tact the end edge 23d during the time the planetary gear 
5 is rotated by the length [(L^ • Tan a + W) - P] in the 
circumferential direction from the time the optional tooth 
51 n of the planetary gear 5 is brought away from the end 
edge 23d, and the number of teeth contacting. the end 
edge 23d of the planetary gear 5 becomes less than 1 . 
When the number of contacting teeth is less than 1 , two 
states occur. In one state, one tooth 51 n of all the teeth 
51 is in contact with the end edge 23d, and in the other 
state, all the teeth 51 is away from the end edge 23d. In 
those two cases, the planetary gear .5 can move by the 
approximately same distance as the maximum interval 
between a chord and an arc connecting the adjacent two 
teeth 51 n , 51 n+1 in the directions towards and away from 
the end edge 23d. However, since the difference be- 
tween the outside diameter of the planetary gear 5 and 
the inside diameter of the receiving hole 23a is smaller 
than the maximum interval between the chord and the 
arc, the planetary gear 5 can actually move by a differ- 
ence in diameter between the receiving hole 23a and 
the planetary gear 5. When none of the teeth 51 is in 
contact with the end edge 23d, the planetary gear 5 can 
move by the difference in diameter towards (in the di- 
rection to the inside of the housing 2) the end edge 23d 
compared with the case where one of the teeth 51 n is in 
contact with the end edge 23d. For this reason, when 
the situation is changed from a state where none of the 
teeth 51 h is in contact with the end edge 23d to a state 
where one of the teeth 51 n begins to contact the end 
edge 23d, the planetary gear 5 is pushed back away (in 
the direction to the outside of the housing 2) from the 
end edge 23d by the tooth 51 n which begins to contact 
the end edge 23d. Thus, when the planetary gear 5 is 
pushed towards the end edge 23d side by engagement 
between the inner gear 3 and the sun gear 4, the plan- 
etary gear 5 is moved (vibrated) towards and away from 
the end edge 23d in accordance with its rotation. And 
the entire apparatus 1 is vibrated by vibration of the plan- 
etary gears 5. Moreover, when one of the teeth 51 n be- 
gins to contact the end edge 23d, a part of the tooth 51 n 
hits the end edge 23d with impact. This impact causes 
to give damage to each tooth 51 n of the planetary gear 
5 and the end edge 23d. 



[0021] However, in the above planetary gear appara- 
tus 1, one of the teeth 51 n is in contact with the end edge 
23d irrespective of the rotational position of the plane- 
tary gear 5. Accordingly, the planetary gear 5 is, theo- 

5 retically, not moved towards and away from the end 
edge 23d even when it is pushed towards to end edge 
• 23d side by its engagement with the inner gear 3 and 
sun gear 4, and it maintains a prescribed position. Ac- 
cordingly, the planetary gear 5 is not vibrated and the 

10 entire apparatus 1 can be prevented from vibrating. 
Moreover, since the planetary gear 5 maintains a pre- 
scribed position, each tooth 51 n of the planetary gear 5 
is not collided against the end edge 23d when it begins 
to contact the end edge 23d, and it smoothly contacts 

15 the inner peripheral surface of the receiving hole 23a. 
Thus, each tooth 51 n of the planetary gear 5 and the 
end edge 23d can be prevented from getting damage. 
Of course, such effects as just mentioned are likewise 
applicable to each tooth 51 n of the planetary gear 5 and 

20 other end edges 23e, 23f, 23g. 

[0022] Another embodiment of the present invention ' 
will be described next. The embodiment to be described 
hereinafter is same in basic construction as the above- 
mentioned embodiment but it is different in relation be- 

25 tween the planetary gear 5 and the receiving hole 23a, 
particularly between each tooth 51 n of the planetary 
gear 5 and the end edges 23d through 23g. Therefore, 
only the different construction will be described. 
[0023] FIGS. 7 through 9 show a second embodiment 

30 of the present invention. In this second embodiment, 
one end part in the longitudinal direction of the planetary 
gear 5 is projected to the outside from the receiving hole 
23a, and the other end face is located away from the 
bottom surface of the receiving hole 23a. Of course, it 

35 is accepted as in the case with the above-mentioned 
embodiment that the entire length of the planetary gear 
5 is dimensioned to be approximately same as the entire 
length of the receiving hole 23a, the other end face of 
the planetary gear 5 is contacted with the bottom surface 

40 of the receiving hole 23a and the entire planetary gear 
5 is inserted into the receiving hole 23a. 
[0024] Moreover, in this second embodiment, when 
the contacting length between the outer surface of the 
planetary gear 5 and the inner peripheral surface of the 

45 receiving hole 23a is represented by L v and the pitch, 
the helical angle and the width of each tooth 51 n on the 
outer peripheral surface of the planetary gear 5 are rep- 
resented by P, a and W, respectively, the respective di- 
mensions are established in such a way as to satisfy the 

50 following expression. 

2P = L 1 • Tan a + W 

55 [0025] Accordingly, presuming that, as shown in 
FIGS. 7(A) and 7(B), the planetary gear 5 is rotated in 
the arrow X direction and its optional tooth 51 n begins 
to contact one end edge (upper end edge in FIG. 7(A)) 
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of the end edge 23d, the tooth 51 n-1 , which is located 
adjacent to the front part in the rotating direction of the 
planetary gear 5 with respect to the tooth 51 n , is also in 
contact with the end edge 23d. The contacting parts of 
the teeth 51 n> 51 n-1 with respect to the end edge 23d 
are moved to the other end side of the end edge 23d as 
the planetary gear 5 is rotated (see FIGS. 8(A) and 8 
(B)). When the planetary gear 5 is rotated by a pitch P 
portion, as shown in FIGS. 9(A) and 9(B), the tooth 51^ 
is brought away in the rotating direction of the planetary' 
gear 5 from the end edge 23d. Simultaneous with this, 
the tooth 51 n+1 begins to contact an upper end edge of 
the end edge 23d. As apparent from this, in this second 
embodiment, the two teeth 51 n , 51 n . 1f which are adja- 
cent in the rotating direction of the planetary gear 5 are 
simultaneously contacted with .the end edge 23d. Ac- 
cordingly, the planetary gear 5 can more surely be pre- 
vented from moving towards and away from the end 
edge 23d than in the case of the previous embodiment, 
thereby vibration of the planetary gear 5 can be red uced, 
and the tooth 51 n of the planetary gear 5 and the end 
edge 23d can get less damage. 
[0026] It should be noted that the above expression 
2P = L, ■ Tan cc + W may be rewritten to 2P < ■ Tan a 
+ W as in the above-mentioned embodiment. By doing 
so, the number of contacting teeth with respect to the 
end edge 23d of the planetary gear 5 can be made larger 
than 2, and the number of contacting teeth becomes 2 
or 3 in accordance with the rotational position of the 
planetary gear 5. 

[0027] A further embodiment shown in FIGS. 10 
through 12 is related to a planetary gear apparatus, in 
which at least one tooth 51 n can simultaneously contact 
both end edges 23d, 23e irrespective of the rotational 
position of the planetary gear 5. In order to satisfy this, 
when the contacting length between the outer peripheral 
surface of the planetary gear 5 and the inner peripheral 
surface of the receiving hole 23a is represented by,L,, 
the helical angle and the width of each tooth 51 n on the 
outer peripheral surface of the planetary gear 5 are rep- 
resented by a and W, respectively, and the length (cir- 
cular arc length) between the end edges 23d, 23e along 
the circumferential direction of the receiving hole 23a is 
represented by D, the respective dimensions are estab- 
lished in such a way as to satisfy the following expres- 
sion. 

L 1 i= (D - W)/Tan a 

In case L 1 = (D - W) / Tan a is established, the planetary 
gear 5 is, theoretically, contacted at its one of teeth 51 n 
with the end edges 23d, 23e simultaneously irrespec- 
tively of its rotational position. In case L 1 > (D - W) / Tan 
a is established, one or plural teeth 51 n are contacted 
with the end edges 23d, 23e irrespective of the rotational 
position of the planetary gear 5. Such a relation as just 
mentioned is likewise applicable to a relation between 



each tooth 5 1 n of the planetary gear 5 and the end edges 
23f, 23g of the outer releasing part 23b. 
[0028] In the above embodiment, since at least one 
tooth 51 n is in contact with the two end edges 23d, 23e 
5 simultaneously, vibration can be reduced more effec- 
tively. In particular; this is particularly effective to a case 
where the direction towards which the planetary gear 5 
is pushed by engagement between the innergear3 and 
the sun gear 4 varies between two directions, one to- 
10 wards the end edge 23d side and the other towards the 
end edge 23e side. Moreover, since each tooth 51 n is in 
contact with both the end edges 23d, 23e, the contact 
pressure between each tooth 51 n and the end edges 
23d, 23e can be reduced to a half. Accordingly, damage 
15 occurrable to each tooth 51 n and the en.d edges 23d, 
23e can also be reduced to a half. In addition, in this 
embodiment, the number of contacting teeth between 
the planetary gear 5 and the end edge 23d is 2 or more. 
Accordingly, vibration and damage can be reduced 
20 more effectively. 

[0029] The present invention is not limited to the 
above embodiments. Instead, many changes and mod- 
ifications can be made in accordance with necessity. 
[0030] For example, in the above embodiments, al- 
25 though the housing 2 is driven for rotation and rotation 
of the inner gear 3 and sun gear 4 is used as output, it 
is accepted that the inner gear 3 is driven for rotation 
and rotation of the housing (carrier) 2 and sun gear 4 is 
used as output or the sun gear 5 is driven for rotation 
30 and rotation of the housing 2 arid inner gear 3 is used 
as output. 

[0031] Moreover, in the above' embodiments, al- 
though only one planetary gear 5 is engaged with the 
inner gear 3 and sun gear 4, it is accepted, as the ap- 

35 paratus disclosed in Japanese Patent Application Laid- 
Open No. H04-312247 that a pair of mutually engaging 
planetary gears are disposed between the inner gear 3 
and the sun gear 4, the outer planetary gear is engaged 
with the inner gear 3 and the inner planetary gear is en- 

40 gaged with the sun gear 4. In that case, a pair of receiv- 
ing holes for receiving therein the one pair of planetary 
gears are formed in the housing 2. The respective re- 
ceiving holes are communicated with each other, and 
the one pair of planetary gears are engaged with each 

45 other at the communicating area (releasing part). The 
receiving hole for receiving therein the outer planetary 
gear is released at one side part which is located on the 
outer periphery side of the housing 2, and the outer plan- 
etary gear is engaged with the inner gear 3 at the re- 

50 leasing part. The receiving hole for receiving therein the 
inner planetary gear is released at one side part. which 
is located on the inner periphery side of the housing, 
and the inner planetary gear is engaged with the sun 
gear 4 at the releasing part. Plural pairs of such plane- 

55 tary gears may be equidistantly arranged in the circum- 
ferential direction. 
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Industrial Applicability 

[0032] The differential gear apparatus according to 
the present invention can be used, for example, as a 
differential gear mechanism for differentially rotatably 
transmitting rotation of an engine to the left and right 
wheels of a vehicle or to the front and rear wheels. 



Claims 10 

1. A planetary gear comprising an inner gear, a sun 
gear disposed at an inner side of said inner gear 
with an axis thereof aligned with that of said inner 
gear, a planetary gear disposed between and in par- 15 
allel relation with said inner gear and said sun gear 
and adapted to transmit rotation between said inner 
gear and said sun gear, and a carrier relatively ro- 
tatably disposed with an axis thereof aligned with 
that of said inner gear and having a receiving hole 20 
for receiving said planetary gear such that said 
planetary gear can rotate on its own axis, said car- 
rier being provided with two releasing parts extend- 
ing along the axis of said receiving hole and adapt- 
ed to intercommunicate an interior part and an ex- 25 
teriorpart of said receiving hole, one of said two re- 
leasing parts being formed at an outer side and the 
other at an inner side in the radial direction of said 
carrier, an outer peripheral part of said planetary 
gear being exposed to the outside of said receiving 30 
hole through said two releasing parts, wherein 

a helical gear is used as said planetary gear, 
and at least one tooth of said planetary gear is ca- 
pable of contacting an end edge facing said releas- 
ing parts at the inner peripheral surface of said re- 35 
ceiving hole irrespective of a rotational position of 
said planetary gear. 

2. A planetary gear apparatus according to claim 1, 
wherein at least two teeth of said planetary gear are 40 
capable of contacting an end edge facing said re- 
leasing parts at the inner peripheral surface of said 
receiving hole irrespective of a rotational position of 
said planetary gear. 

45 

3. A planetary gear apparatus according to claim 1 or 
2, wherein at least one tooth of said planetary gear 
is capable of simultaneously contacting two end 
edges of an inner peripheral surface of said receiv- 
ing hole facing two sides of one of said releasing so 
parts irrespective of a rotational position of said 
planetary gear. 
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FIG- 2 
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